Objectives: To compare the data for histologic composition of the herniated disc material between different types of disc herniations and between patients of different age. Background: Lots of studies have investigated the histologic composition of disc herniations. Few studies have examined the presence of granulation tissue related to the type of herniations and age of the subjects. Methods: 120 patients divided in to two age groups underwent MR imaging before microsurgical removal of the herniations. Disc herniations were divided in to two groups, non migrated and large migrated disc herniations. The histologic assessment of the herniated material is done by dividing the intercellular matrix into four types. The existence of areas of granulation tissue and hyaline cartilage is evaluated too. Results: The tissue composition showed signifi cant differences between patients of different age. Areas of granulation tissue and neovascularisation are found in 12 % of 64 protrusions and contained extrusions, and in 29 % of 56 large migrated disc extrusions (p = 0.029 ). In elderly patients the tissue composition changed with a signifi cant decrease of prevailing nucleus pulposus composition in 7 % of 60 (p = 0.000) and a signifi cant increase of prevailing fi brous tissue composition in 40 % of 60 patients (p = 0.000). Areas of granulation tissue and neovascularisation were found in 27 % of 60 patients aged ≤50 and in 13 % of 60 patients aged > 50.
Disc herniations are a common cause of low back pain and sciatica. It is well known that the majority of lumbar disc herniations diagnosed at magnetic resonance imaging recover spontaneously (1) . Lots of authors reported spontaneous decrease in the size of herniated masses (2) . According to Saal more than 50 % of the herniations show reduction in 82 % of patients (3) . There are also numerous studies for the benefi ts of surgical treatment of disc herniations with high primary success rate (4) . Although there are some absolute indications for operative treatment of disc herniations like cauda equine syndrome and severe, progressive neurologic defi cits, it is not clear yet which therapeutic management should be preferred. According to Takada sequestered hernia and transligamentous extrusions seem to be more rapidly absorbed (5) . The exposure of these types of disc herniations to epidural vascular supply provokes infl ammatory and immune reactions and phagocytosis. These types of disc herniations regress in size rapidly, so conservative treatment should be preferred in these cases. Some authors reported that differences in the histologic composition of the herniated disc material may be in relation to different infl ammatory responses (6) . The presence of granulation tissue and neovascularisation in the histologic composition of the herniated disc material indicate that a natural healing mechanism is activated, which may lead to a rapid spontaneous regression of the disc herniation. On the other side, some authors reported that presence of hyaline cartilage fragments in the herniated disc material can suppress neovascularisation, and consequently reduction of the herniated disc material (7) . Preoperative MR imaging of the lumbar disc herniations enables to draw relation between morphologic characteristics of the different types of lumbar disc herniations and the histologic composition of the operatively removed herniated disc material.
The aim of the study is to compare the data for histologic composition of herniated surgically removed disc material (especially the existence of granulation tissue as a part of natural healing mechanism) between different types of disc herniations and between patients of different age.
Material and methods
A total of 120 patients were included in the study (40 females and 80 males). Mean age of the patients was 46 years (range 35-65 years). All of the patients had low back pain and radiculopathy with duration more than four weeks. The patients' clinical symptomatology was adequate to the level and the site of the disc herniation. The patients with previous operative treatment of the disc herniation at the same lumbar level were not included in the study. Criteria for inclusion were clinical symptomatology for disc herniation, diagnostic evidence of the herniation with MR imaging, operative treatment and histopathological assessment of the surgically removed herniated disc material. Patients who met the inclusion criteria for the study were followed up for a 3-years period of time, while the MR imaging examination was perfo rmed as a preoperative procedure on the basis of the accepted indications for operative treatment of the disc herniations and patient's consent.
MR imaging and disc herniations evaluation
MR imaging examination was preformed with 1.5 T MR unit (Gyroscan T10-NT) with a spinal surface coil. The imaging protocol consisted of a sagittal T1-w Weighted spin-echo sequence (repetition time ms/echo time ms, 600/14; section thickness, 4 mm; fi eld of view, 280x280 mm; matrix, 240 x 256), sagittal T2-Weighted turbo spin-echo sequence (4,700/120; section thickness, 4 mm; intersection gap, 0.8 mm; echo train length of 15), and a transverse T2-w Weighted turbo spin-echo sequence at one or multiple levels (4,500/120; section thickness, 4 mm; intersection gap, 0.8 mm; echo train length of 15; fi eld of view, 200x200 mm; matrix 240 x 256). Depending on the pathologic condition transverse T1 weighted spin echo was preformed after administration of Gd-DTPA (Magnevist). The obtained MR images were assessed in consensus by two radiologists. Disc herniations were evaluated and classifi ed as protrusion and extrusions based on the morphologic criteria accepted by the Nomenclature Committee of the North American Spine Society (8) . Extrusions can be defi ned as suligamentous and trans or extraligamentous herniations, according to the position of the displaced disk material in relation to the posterior longitudinal ligament The posterior longitudinal ligamentous complex (PLLC) divides the epidural space into the perithecal space and the anterior epidural space, where displaced disk material can be entrapped. Posterior midline herniations seldom rupture the PLLC and are generally subligamentous. The lateral membranes are less resistant and transligamentous herniations are usually large posterolateral herniations. Migrated disc herniations are characterized by displacement of disk material away from the parent disc, either in the central spinal canal at the disk level, or above or below the disk level. In the cranio-caudal direction, disk migration was labeled by referring to the height of a vertebral body, divided in thirds. Large migrated disc herniations at the discal level are those that produce moderate and severe (>than one third) canal compromise (8) . In our study on the basis of their morphology, containment, relation to the PLL, volume and migration of the herniated disc material, disc herniations were divided in to two groups. The fi rst group comprised of nonmigrated herniations with herniated disc material remaining at the discal level like protrusions and contained subligamentous extrusions (mostly posterior midline herniations at the discal level that produce mild canal compromise). Posterior midline disc extrusions unless very large, usually remain entrapped under the deep layer of the PLL C or under the few intact outer anulus fi bers joining with the PLL C to form a capsule. The second group included large migrated disc herniations at the discal level, like posterolateral disc extrusions with relatively large amount of displaced disc material away from the parent disc to the canal that produce moderate and severe canal compromise, foraminal disc herniations, free sequesters and far migrated disc extrusions cranially or caudally behind the posterior margins (more than one third) of the adjacent vertebral bodies.
Histopathological fi ndings
After the operative treatment of the patients (microdiscectomy) surgically removed tissue samples were sent to the Institute of Pathology (Medical Faculty in Skopje). They were embedded in paraffi n and evaluated by one pathologist. Slices 4 μm thick were stained with hematoxylin -eosin. The criteria used in order to evaluate the presence of anulus fi brosus and nucleus pulposus were the following: anulus fi brosus is characterized with a presence of lamellae of fi brous bundles oriented in the same direction, separated by homogeneous or fi brillar matrix with small chondrocytes arranged in rows. Nucleus pulposus has homogeneous cartilage or smoothly granular appearance without fascicular collagen fi bers or may consist of thin bundles of collagen fi bers, but in various directions separated by amorphous matrix (dominantly mucoid or myxoid) with cells irregularly arranged. If both annulus fi brosus and nucleus pulposus tissue were present, the classifi cation was done on the basis of the prevailing tissue. According to the histologic composition of the herniated material four types of tissue composition were defi ned. Type I consisted of dominantly anulus fi brosus tissue, type II from dominantly nucleus pulposus tissue, type III with anular and nucleus pulposus tissue found in almost equal proportions. Type IV was characterized by dominant appearance of fi brous connective tissue without lamellar characteristics that cannot be classifi ed as anulus fi brosus or nucleus pulposus tissue. The presence of hyaline cartilage from vertebral endplate characterized with chondrocytes with perinuclear halo and homogeneously structured matrix was evaluated too (Fig. 1) . Small calcifi ed areas were rarely visible. In most of the samples aggregates of chondrocytes like cells were evaluated as well as necrotic cells. Areas of granulation tissue were characterized with small vessels with thin layer of endothelial cells, mononuclear cells, macrophages and fibroblasts like cells (Figs 2 and 3) . These areas were located in the peripheral portions of the discs. Granulation tissue invading the whole peripheral portion of the disc was not evaluated. Sometimes the cell population in these areas consisted of fi broblasts (Fig. 4) .
Statistical analysis
To test the differences between two independent patient groups we used Mann -Whitney U test. The calculations were performed with software SPSS for Windows 13.0. Differences with p value less than .05 were considered to be statistically signifi cant.
Results

Histologic composition of herniated disc material in different types of disc herniations
In 64 patients with herniations classifi ed as protrusions and nonmigrated extrusions the most frequent histologic composition of the herniated material was dominant annulus fi brosus composition, in 50 % of these herniations. In 12 herniations (19 %) nucleus pulposus tissue was predominant, while in 8 (12 %) anulus and nucleus pulposus were present in almost equal proportions. Twelve herniations had dominant fi brous tissue composition that cannot be classifi ed as anulus fi brosus or nucleus pulposus. In 56 patients with large transligamentous and migrated extrusions the tissue composition changed with slight decrease of prevailing anulus fi brosus composition, in 20 (36 %) herniations. Dominant nucleus pulposus composition was found in 12 (21 %) herniations,. An increase was evaluated, although not signifi cant in the number of herniations with annulus fi brosus and nucleus pulpsus composition, in 12 (21 %) herniations. In 12 (21 %) of migrated disc herniations fi brous connective tissue was predominant. The tissue composition showed some differences, although not signifi cant between the different types of disc herniations. Hyaline cartilage fragments were present in 24 (37 %) of protrusions and contained extrusions, while higher percentage of herniations with cartilaginous fragments, (64 %) was found in patients with migrated extrusions (p=0.04, Mann-Whitney U test).
Areas of granulation tissue and neovascularisation were found in 8 (12 %) protrusions and contained extrusions, and in 16 (29 %) large migrated disc extrusions, with signifi cant increase in the percentage of herniations with granulation tissue in the group of large migrated disc extrusions (p = 0.029 Mann-Whitney U test) (Fig. 5) .
Histologic composition of the herniated disc material in subjects of different age
In 20 (33 %) of 60 patients 35 to 50 years old, the composition of the herniated material was predominantly from anulus fi brosus, in 20 patients nucleus pulposus was prevailing, while in 16 (27 %) patients anulus and nucleus pulposus were present in almost equal proportions. Only 4 (6 %) patients had prevailing fi brous tissue composition. In 60 patients 51 to 65 years old, the tissue composition of the herniated material changed with a slight increase of predominantly anulus fi brosus composition, in 28 (47 %) herniations, while in only 4 (7 %) prevailed dominantly nucleus pulposus composition with signifi cant decrease in older patients (p =0.000, Mann-Whitney U test). A signifi cant decrease was found in the herniations (7 %) with anulus fi brosus and nucleus pulposus composition as well (p=0.03, Mann-Whitney U test). The number of herniations with predominantly fi brous tissue composition significantly increased among the elderly patients, 24 (40 %) herniations belonged to type IV composition (p = 0.000, Mann-Whitney U test).The increase of this type of tissue composition in the elderly was a result of the previous fi brous degenerative changes in the intervertebral discs (Fig. 6) .
Hyaline cartilage fragments were present in high percentage (40 %) of patients aged 35 to 50 years, but signifi cantly higher percentage of herniations with cartilaginous fragments (60 %) was found in patients aged 51 to 65 years (p = 0.029, Mann-Whitney test). Most of the herniations (53 %) with cartilaginous fragments consisted of predominantly annulus fi brosus tissue. Small calcifi ed areas were found in 12 herniations in subjects aged >50 years.
Areas of granulation tissue and neovascularisation were found in 16 (27 %) of patients aged ≤ 50. Some of these herniations were presented on sagittal T2W images with a higher intensity signal zone than the parent nucleus pulposus in the herniated tissue surrounded by a rim of dark signal (Fig. 7) . In 8 (13 %) patients aged >50 a presence of granulation tissue in the herniated disc material was observed. The number of herniations with granulation tissue decreased, although not signifi cantly with advancing age (Fig. 8) .
Most of the herniations with granulation tissue were composed both of anulus fi brosus and nucleus pulposus tissue (50 %). Nucleus pulposus tissue was predominant constituent in 17 % of these herniations. Hyaline cartilage fragments were seen in a high percentage (83 %) of the herniations with granulation tissue areas.
Discussion
The histologic composition of the herniated disc material has been subject of investigation of many studies. The limitations of the analyses of histologic composition of the disc herniation may be a consequence of the inconsistent classifi cation of lumbar disc herniations, different criteria used in histologic interpretation and impossibility to defi ne nucleus pulposus and annulus fi brosus like distinct entities in severely degenerated disc. The histologic composition of the examined herniated material from nonmigrated and migrated, large disc herniations showed no signifi cant differences, while the histologic composition of the herniations from patients of different age was characterized with more signifi cant differences. The percentage of the herniations with prevailing nucleus pulposus tissue decreased with increasing age. Harada and Nakahara also reported less maintained nucleus pulposus with increasing age (9) . Due to the previous fi brocartilaginous transformation of the discs in the elderly, the percentage of the herniations with prevailing fi brous connective tissue without lamellar characteristics increased in these subjects. Higher percentages of herniations with cartilaginous fragments were found not only in large migrated herniations, but in older subjects, too. According to Tanaka avulsions occur more frequently in the inner or transitional zone of the annulus endplate surface (10). In our study 53 % of the herniations with cartilaginous fragments consisted of predominantly annulus fi brosus tissue. In the study of Harada and Nakahara, disc fragments consisting of annulus fi brosus, cartilaginous end plate and bony fragments constituted 70% in the seventh and 80% in the eight decade. Willburger et al. reported higher percentages of cartilaginous end plate more frequently in patients ≥ 60 years of age (11) . Schmid reported avulsion-type disc herniations with hyaline cartilage material in nearly 50 % of the patients (12) . Our results confi rm that the avulsion type of disc herniation are a predominant type of disc herniations in elderly patients, but they were also found in high percentage in patients ≤ 50 years, mostly in large migrated disc herniations. In our study the areas of granulation tissue were almost always located in the peripheral parts of the herniated disc fragment. Granulation tissue with newly formed blood vessels, macrophages, fi broblasts and lymphocytes is probably related with the mechanism of resorption of the disc herniation and the vascular invasion of the disc tissue. The invasion of infl ammatory cells and blood vessels in the herniated disc is a part of infl ammatory reaction that may be a result of autoimmune response of antigens of nucleus pulposus or of the invasion of the herniated fragment treated as a foreign body undergoing infl ammatory reaction. Both infl ammation and proliferation of blood vessels lead to migration of phagocytes resulting in phagocytosis to remove the herniated disc material. Interaction between activated macrophages and disc tissue leads to generation of infl ammatory cytokines and catabolic enzymes. These enzymes are responsible for the swelling of the proteoglycan molecules. Spontaneous regression as a result of enzymatic degradation is one of the hypothesis, the others are based on the retraction of the disc into the intervertebral space, and on the concept of dehydration with loss of water content of the herniated disc material. Many authors reported various characteristics of the herniations like factors related to the resorption process as penetration through the posterior longitudinal ligament (PLL), size of herniation, and existence of cartilage and anulus fi brosus tissue in the herniated material (13) (14) (15) (16) . Migrating and extruding type herniations have a higher tendency to decrease in size in followup studies (13, 14) . Larger migrating type herniations demonstrate the greatest degree of resorption, so they regress more rapidly than smaller ones. Large herniations have a tendency to penetrate the capsula formed by anulus fi brosus and PLL and become exposed to systemic circulation in the epidural space.
In the study of Komori et al a higher tendency to decrease in size was noted for herniations that had more extensive rim enhancement in follow-up imaging (17) . Gadolinium diethylenetriaminepentaacetic acid (Gd-DTPA) enhanced MRI could be used to evaluate the neovascularisation zone (17) (18) (19) . Even without enhanced MRI examination with Gd-DTPA in some cases (with granulation tissue areas), on T2W images was evaluated a zone of higher signal intensity than the parent disc, surrounded completely or partially by a rim of dark signal in migrated herniations behind the vertebral bodies of the two adjacent vertebrae. In our study areas of granulation tissue were a more frequent fi nding in large migrated herniations, characterized with a high content of nucleus pulposus tissue in the herniated material. Normal nucleus pulposus has no vascular elements, so it cannot be recognized by the immune system. There are no infl ammatory cells in the parent disc. In the situation of herniation, these tissues are recognized as an unknown antigen by the immune system and give rise to a host-immune response. When the nuclear material is exposed to the vascular environment of the epidural space, cellular mechanisms contribute to resorption (20) .The margins of the extruded disc materials are infi ltrated by mononuclear cells, and secretion of infl ammatory mediators that are involved in the induction of angiogenesis is activated (21) . Granulation tissue was also a more frequent fi nding in the herniated disc material from patients aged 35 to 50 years, thus our results also support the age dependence of HNP resorption. Histologic composition of the herniated material in elderly patients was characterized by prevailing fi brous and anulus fi brosus tissue and low content of nucleus pulposus. Hard and fi brous disc tissue may contribute to lower immunologic response and angiogenesis in older subjects. Some authors reported that clinical improvement in conservatively treated disc herniations was not correlated with their reduction in size on MRI (22) . The limitation of this study is a lack of information about the duration of the period the herniations had appeared before surgery. According to some authors granulation tissue areas are a common fi nding in herniated material from the patients in whom the herniations had appeared long time before surgery.
In conclusion, the tissue composition of the herniated material showed more expressed differences between subjects of different age than between different types of disc herniations. Granulation tissue and neovascularisation were more frequent fi ndings in large migrated disc herniations and in herniated disc material from patients aged 35 to 50 years. The histologic composition of the majority of disc herniations with granulation tissue areas was composed of anulus fi brosus and nucleus pulposus in almost equal proportions.
